Journal of the Korea Concrete Institute
Vol. 18, No. 4, pp. 559~568, August, 2006

LHEtE 2T 54 2=20| E2|H Z2EI29| Sixf X&d HI}

SIE=-RAE ICE

VAT A8l SN 2R T e

Evaluation of Wet-Mixed High Strength Sprayed Polymer Mortar
for Fire Resistance
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ABSTRACT The purpose of this study is to evaluate the mechanical performance and fire resistance of wet-mixed high strength
sprayed polymer-modified mortar in order to protect tunnel lining system which are in the event of fire disaster. Since the current
commercial fire-resistant materials reproduce the low strength issue of mortar, this study aims to provide an enhanced fire-resistant
mortar with a proper strength. Normally, a large temperature gradient phenomenon arise in the vicinity of free surfaces which are
fully exposed in the event of persistent flame. Thereby, the determination of optimal cover depth of wet-mixed high strength
sprayed polymer- mortar( WHSPM) is important for fire-resistance of tunnel lining system. With comparison of current commercial
fire-resistance materials and WHSPM, the experimental result of WHSPM shows the better fire-resistant performance than the oth-
ers. In addition, the cover limitation should be controlled by minimum 4cm depth in order to avoid fire-induced damage.
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Table 1 Typica!l fire protection materials for tunnel

Materials Type materials

Type construction Attachment

Calcium silicate board Panel

Pre-manufactured panel Anchor bolt

Light weight concrete Light weight concrete

Attached to surface Spray

CIP concrete Cement

Cast-in-place Integral with structure

CIP concrete/fiber Cement with pp fibers Cast-in-place Integral with structure
Shotcrete Cement/additives Spray Spray '
Shtocrete/fiber Cement/additives/pp fibers Spray Spray
Mineral wools Mineral wool in cement matrix Spray Spray
Ceramic refractory Refractory cement/ceramic mix Spray Spray
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SpecificGravity Ig. loss Fineness (cm¥g) SiO, (%) ALO; (%) Fey0s (%) Tios (%) CaO (%) MgO (%) K,0 (%) Na,O (%)

22 2.8 180,000~200,000 94.0 03

0.8 - 03 04 0.8 0.2

Table 3 Physical properties of Perlite

Specific gravity

Percentage of void [Thermal conductivity(kW/m™C)Service temperature (°C

pH EM. Color

0.15 90%

349~5.82x107°

—-250~1000 6.5~7.5 294 | white, light gray

Table 4 Properties of polypropylene fiber

Ingredient S. G Length (mm)

Diameter (mm) Melting point (°C) Tensile St. (MPa) Alkali resistance

HomopolymerPolypropylene 091 19

0.07 162 600 high
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Type of mortar| W/B C:S | Perlite (SxVt%) | SF* (Cx%) | PP fiber (V%) | Polymer | AA** SA¥** | SP¥*E* (Cx%)
P00 039 12 30% 10% 0.00 2% 10% | 0.1% 2%
P15 0.39 1:2 30% 10% 0.15 2% 10% 0.1% 2%
P20 0.39 1:2 30% 10% 0.20 2% 10% 0.1% 2%
* Silica fume, ** Antifoaming agent, *** Shrinkage-reducing agent, **** Superplaticizer
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SIDE VIEW

TOP MEW

(a) Sectional view of fire furnace

(b) Inside view of furnace

Fig. 1 Experimental set up of fire test
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Fig. 2 Distance from specimen surface for internal temperature
measure
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Fig. 3 Compressive strength of wet-mixed sprayed mortar for
fire resistance
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Fig. 4 Flexural strength of wet-mixed sprayed mortar for fire
resistance
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(d) Type A

Fig. 5 Picture of wet-mixed sprayed mortar specimens after
fire-resistance test
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Fig. 6 Thermal conductivity wet-mixed sprayed mortar for fire
resistance
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Fig. 9 Internal temperature distribution of sprayed mortar for
fire resistance
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Table 6 Mix proportion of based concrete

N . . 3
Stump CO::;m w/cl s/a Unit weight (kg/m’)
(em) |, )| wW|C| S| G]|SP|AE
(%)
21+3|5+1.5]39.2146.7 156.0[398.0[792.1(897.1| 5.17 {0.099

Table 7 Temperature variation of wet-mixed high strength sprayed
polymer mortar with cover thickness

Cover . o o o o
thickness Time |2em(°C) |4 em(°C)|6 cm(°C) |8 cm(°C)
0:00 22.8 29.5 41.6 42.4
0:30 121.1 1004 87.3 84.6
1:00 301.6 189.5 145.6 142.2
2 cm
1:30 410.8 301.0 223.0 211.0
2:00 404.7 3535 3164 303.9
2:30 409.8 391.7 384.3 370.2
0:00 36.8 39.5 32.8 33.1
0:30 144.9 100.0 88.9 92.6
1:00 360.3 188.8 145.0 145.5
4 cm
1:30 4524 299.9 2194 209.8
2:00 426.0 3522 309.1 289.5
2:30 419.8 390.3 374.4 350.8
0:00 36.7 28.8 33.2 33.3
0:30 144.7 95.7 82.1 75.8
1:00 359.8 180.7 1444 133.6
6 cm
1:30 451.8 287.0 221.3 202.8
2:00 425.4 337.1 310.8 296.1
2:30 419.2 373.5 3774 362.8
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